Introduction {#Sec1}
============

In December 2019, a highly infectious and deadly respiratory virus infected humans for the first time; it was named coronavirus disease 2019 (COVID-19). COVID-19 proliferated faster than public health measures could contain it. Scientists have chased the origin of coronaviruses for more than a decade, and found them to be from bats residing in China's Yanzi and Shitou caves (Wang et al. [@CR18]). Coronaviruses are viruses that are covered in small spikes of protein, which look like a crown (Sawicki and Sawicki [@CR14]). There are several coronaviruses; however, only seven have been found to be extremely hazardous to humans, the most popular being severe acute respiratory syndrome (SARS-COV), middle East respiratory syndrome (MERS-COV) (Wong et al. [@CR19]; Cattivelli and Rusciano [@CR3]; Gallardo et al. [@CR6]; Lee [@CR11]), and currently COVID-19 (also known as SARS-COV-2). The latter is more dangerous because it has both MERS-COV and SARS-COV characteristics. Cold weather prevents the fragile COVID-19 casing from drying out, enabling the virus to live between hosts for longer (Banik et al. [@CR2]). At the same time, sunlight UV exposure can affect the housing, which is disarming to the virus, although these seasonal variations are more important for known infections (Shirbandi et al. [@CR16]). Not many are immune to a new virus, though; therefore, it has so many potential hosts that it does not need idle spreading conditions. For this reason, COVID-19 was declared a global pandemic by the World Health Organization on March 11, 2020.

Two weeks after China announced its first COVID-19 case, Turkey reported its first coronavirus case. Turkey took immediate actions to combat the pandemic. On January 10, 2020, a science council was established to study and manage COVID-19 cases. This was followed by passenger testing at significant entry points in the country, especially at the airports. On February 3, 2020, Turkey halted all flights from China. In less than a week, when Iran confirmed its first case, the borders between the two countries were closed. On March 12, 2020, schools and universities were closed to reduce the wide spread of the virus. Although drastic measures were enacted, the number of confirmed cases increased exponentially to over 163,000. By May 30, 2020, nearly 4500 deaths had been confirmed in Turkey due to COVID-19 (Johns Hopkins University [@CR8]). There is no doubt that the COVID-19 pandemic has halted the Turkish economy. Istanbul, one of the most visited cities in the world, has empty streets like never before, affecting tourism, which contributed the U.S. \$34.5 billion in revenue in 2019.

To curb the economy from plummeting, the country announced a nearly U.S. \$16 billion stimulus package. Furthermore, Turkey announced credit payment delays, lowered domestic duties on domestic flights, and canceled the accommodation tax to bootstrap the tourism sector. All these actions depict the direct effect of the coronavirus on the economy. However, little has been documented to show the impact of COVID-19 on other spheres that govern life in Turkey. In this study, the effect of COVID-19 on air quality, municipal wastewater, and hospital waste generation are discussed. The changes in air, waste, and water directly reflect the public health of a given community. This study acts a foundation for future atmospheric and water modes to be constructed after the pandemic.

Methodology {#Sec2}
===========

To study the variations in the air quality index during the pandemic, 20 regions covering different parts of Turkey were analyzed: Adana, Amasya, Ankara, Antalya, Artvin-Hopa Balıkesir, Bolu, Burdur, Bursa, Edirne-Keşan Erzurum, Eskişehir, Iğdır, İstanbul-Ümraniye, İstanbul-Kağıthane, İstanbul-Esenyurt, Kayseri Kocaeli-Gebze, Kocaeli-Alikahya, Konya, Ordu, Rize, Sakarya, Samsun, Sivas, Tekirdağ- Çerkezköy, and Trabzon. The study covered a period from December 2019 to May 2020. The study covered PM, a driver of air quality, and tropospheric ozone, a leading cause of smog. For wastewater treatment plants, the study covered Sakarya and Lüleburgaz regions. Changes in the flowrate, chemical oxygen demand (COD), and total suspended solids (TSS) were studied. Hospital waste data were based on Sakarya hospitals---one of the more affected regions in Turkey during the pandemic. Data were presented in the form of maps and graphs. All air quality data were obtained from the online portal of the Ministry of Environment and Urban Planning, Turkey (<http://havaizleme.gov.tr/>). ArcGIS Version 10.3 was used to generate spatial maps; maps were generated using Osra's and Kajjumba's ([@CR12]) approach.

Air quality {#Sec3}
===========

Air quality has become one of the benchmarks to determine public health. Air quality is determined through air pollution. Air pollution is the introduction of chemicals that threaten life; when such chemicals are inhaled, the chances of getting lung diseases, heart diseases, and cancer increase. In 1952, the Great Smog of London was responsible for 4000 to 12,000 deaths (Polivka [@CR13]). This led to the birth of air quality legislation in different parts of the world. Air pollution is responsible for over ten premature deaths every three hours in Turkey (Temiz Hava Hakkı [@CR17]). The Turkish authority enacted legislation to reduce emissions from industries and transportation, give incentives for cleaner technologies, and reduce emissions from open burning. Air pollution can occur naturally (through volcano eruptions and wildfires) or by anthropogenic activities. The latter is the main driver of air pollution. Primary air pollutants include volatile organics (VCs), carbon monoxide, nitrogen oxides (NO~x~), sulfur dioxide, lead, and particulate matter (PM). Secondary pollutants include sulfuric acid and ozone (O~3~), which cause acidic rain and smog, respectively. Although Turkey passed laws to reduce air pollution, air quality has been ebbing; Turkey is ranked 10th among the countries with the worst air quality (World Air Quality Index [@CR20]).

On the arrival of COVID-19, industries were closed and cars were banned from the roads. It is hypothesized that the reduction of such activities led to improved air quality, saving over 7000 lives within 3 months of the country's lockdown. In this study, the changes in PM~2.5~ and ozone before and during lockdown are presented. Ozone changes were tracked because they represent the production of precursors such as NO~x~ and VCs. Additionally, the effect of ozone is easily seen through the formation of photochemical smog. Figure [1](#Fig1){ref-type="fig"} depicts PM~2.5~ and O~3~ levels in Turkey in December 2019 (before COVID-19), April 2020 (during lockdown), and May 2020 (reopening of some businesses). The average air quality index (AQI) based on these two parameters varied among provinces.Fig. 1AQI levels based on (**a**--**c**) PM~2.5~ and (**d**--**f**) ozone in December 2019, before the lockdown and in April and May 2020 during the lockdown

Apart from Ankara, the capital city of Turkey, the PM levels in the central region were below 125. The central part of Turkey is sparsely populated and less industrialized compared to the rest of the country. The coastal areas elicited higher PM levels because of industrialization. Erzurum province had the highest AQI levels; the region has over 81 active industrial plants that include mining, textile, agriculture, and chemical plants. This makes the air quality in the area unhealthy for sensitive groups. During the lockdown, AQI improved across the entire country. Highly polluted regions like Erzurum registered an improvement in air quality. In December 2019, the average AQI was 171, while in April and May 2020, it was 66.7 and 68.5, respectively. The air quality improved by over 2.5 times. The air quality dropped from an unhealthy to a moderate category. Although PM~2.5~ registered an improvement, ozone levels increased during the lockdown (Fig. [1](#Fig1){ref-type="fig"}).

Countries like Brazil, India, and China, also registered increases in ozone levels during the lockdown (Dantas et al. [@CR4]; Sharma et al. [@CR15]). Some studies have attributed the rise in the ozone to a decrease in NO~x~ (Dantas et al. [@CR4]). However, the decrease in NO~x~ should plummet ozone levels since NO~x~ is a precursor of ozone. Tropospheric ozone formation is facilitated by the presence of NO~x~, VCs, and sunlight, as shown in Eqs. ([1](#Equ1){ref-type=""})--([3](#Equ3){ref-type=""}). In the presence of sunlight, NO~x~ splits, releasing an oxygen atom; this reaction is quickly reversed to form the parent compound, NO~x~. However, the presence of VCs that can readily react with NO inhibit the backward reaction of NO and oxygen atoms (Finlayson-Pitts and Pitts [@CR5]). The free oxygen atom can now promptly react with an oxygen molecule to form tropospheric ozone. Therefore, the increase in ozone levels cannot be attributed to NO~x~ reduction, but rather to the decrease in PM levels. When the PM levels attenuate, more sunlight can penetrate the Earth's troposphere, facilitating the breakdown of NO~x~ to NO and oxygen molecules. The increase in ozone is further escalated by the end of the winter season, as the number of sunny hours increase in Spring. The increase in sunny hours facilitates the formation of NO, Eq. ([1](#Equ1){ref-type=""}). The ozone index in Turkey increased from 16.8 in December 2019, to 28.8 in April 2020, and to 29.7 by the end of May 2020. However, all of these increases are still categorized as good, based on the AQI.$$\documentclass[12pt]{minimal}
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Municipal wastewater and waste {#Sec4}
==============================

Water is a cardinal pillar of life; without it, life is impossible (Kajjumba et al. [@CR9], [@CR10]). The survival duration of coronavirus ranges from 2 h to 9 days, depending on the prevailing conditions (World Health Organisation [@CR21]). There are fears that COVID-19 can be transmitted in the water when a sick person releases contaminated water/waste from their homes. Australia was among the first the country to detect coronavirus in untreated wastewater (Ahmed et al. [@CR1]). This raises concern to communities---if coronavirus can escape from water treatment facilities, then coronavirus will be here to stay. Chorine, ultraviolet rays, and ozone are promising technologies to treat coronavirus in water. However, all of these treatment techniques are effective in water with few suspended or dissolved solids (Ghernaout and Ghernaout [@CR7]). Thus, if the virus finds a perfect hiding place, it can be released back into the environment. In addition, if the virus finds an ideal host that is resistant to chlorination or ozonation (e.g., cryptosporidium, adenovirus, or giardia), then effluent water is expected to contain coronavirus. In this study, the authors tracked the changes in wastewater treatment influent and effluent to detect any changes in chemical oxygen demand (COD) and total suspended solids (TSS) (Fig. [2](#Fig2){ref-type="fig"}).Fig. 2Comparison of water quality for wastewater treatment plant (**a**--**e**) and (**f**) hospital waste generation before and during COVID-19

Sakarya, Turkey, is one of the regions that has registered the highest number of COVID-19 cases. Changes in the influent and effluent quality in one of the region's wastewater treatment plants were compared to changes in the Lüleburgaz wastewater treatment plant---an area that is less affected. The two plants have almost the same daily flowrate. Figure [2](#Fig2){ref-type="fig"} elicits the changes in flowrate, COD, and TSS for both plants. Neither of the plants' flow rates changed during the coronavirus pandemic. However, the Lüleburgaz plant showed an increase in COD effluent during the lockdown. Overall, there was no significant change in TSS or COD in either plant. Since there were no changes in the plants' influents and effluents, it should be expected that the wastewater treatment managed any coronavirus contaminated water effectively. When the amount of medical waste generated in the same region was analyzed, the amount of waste generated only increased in April 2020; however, by May 2020, the generation had gone back to the normal trend. Because of the COVID-19 outbreak, only emergency cases were administered to in the hospitals; therefore, there was no spike in waste generation.

Conclusion {#Sec5}
==========

The post coronavirus economic crisis is evidence that Turkey is not ready for anything similar, let alone the combined set of climate impacted complications. Nothing is more severe than COVID-19 these days to an audience of all kinds. The effect of lockdown on the air quality, municipal wastewater, and hospital waste in Turkey from December 2019 to May 2020 was studied. PM~2.5~ had a maximum reduction in most cities, although ozone increased. The increase in ozone was due to a reduction in PM, which increased sunlight penetration, in-turn increasing the breakdown of NO~x~. Therefore, it is possible to design emission control strategies that can improve air quality. There were no significant changes in flowrate, TSS, or COD levels in wastewater treatment plants studied, demonstrating that the treatment plants were not affected by the current pandemic. Nature is sending us a message, and COVID-19 has created the greatest opportunity to change some of our practices and find better ways to partner with nature.
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